Oral potentially malignant disorders (OPMD) are chronic conditions, which have a higher risk of transformation to oral squamous cell carcinoma. The aim of this systematic review and meta-analysis was to answer the question: "What is the prevalence of oral potentially malignant disorders among adults?" Studies reporting the prevalence of these conditions (leukoplakia, erythroplakia, oral submucous fibrosis [OSMF], and actinic cheilitis) were selected, only studies in which a clinical assessment and histopathological confirmation were performed were included. Of the 5513 studies, 22 met the inclusion criteria for qualitative and quantitative analyses.
tobacco and alcohol. These disorders are associated with genetic alterations that may lead to OSCC transformation. 4 Oral leukoplakia (OL), oral erythroplakia (OE), oral submucous fibrosis (OSMF), oral lichen planus (OLP), and actinic cheilitis (AC) are the main conditions that are described as OPMDs. Differences in regional lifestyles and natural conditions may influence the prevalence of these lesions. OL and OE are associated with smoking and alcohol consumption; furthermore, these are the conditions that are most commonly reported in western countries. 5 OSMF is commonly reported in areca nut users; therefore, its prevalence is higher in the Asian populations. 6 OLP is a recurrent inflammatory disorder of the skin and mucous membranes, and there is limited evidence with regard to its risk of malignant transformation. 7 AC is associated with solar radiation; therefore, it is more frequently reported in tropical countries, and it affects mainly white males and outdoor workers. 8 Diagnosis of OPMD relies commonly on an individual's history, clinical assessment, and histopathological confirmation of epithelial alterations. 9 According to the World Health Organization (WHO)
classification, 1 epithelial dysplasia is traditionally graded as mild, moderate, or severe, based on the degree of cytological and architectural atypia in the epithelial layer. Histopathological examination is the gold standard for the diagnosis of OPMD. Based on the correlation of clinical and histological findings clinicians can establish the prognosis of the patient and plan the appropriate treatment. 10 Red lesions are more frequently associated with more severe degrees of epithelial dysplasia than the white ones are and have a higher risk of malignant transformation. 9 The malignant transformation rates of OPMD are different in different reports; they vary by the subtypes of OPMD and degrees of epithelial dysplasia. 11 A meta-analysis published in 2009 reported a malignant transformation rate of approximately 12% for oral dysplasia.
12
A systematic review published in 2003 13 estimated the prevalence of OL is 1.49%. Since new studies have been published and, to date, no systematic review investigating the prevalence of the different types of OPMD has been published, a new systematic review on this topic was justified. Therefore, this systematic review aimed at answering the following question: "What is the prevalence of oral potentially malignant disorders among adults?"
| MATERIALS AND METHODS

| Protocol and registration
A systematic review protocol based on the Preferred Reporting Items for Systematic Reviews and Meta-analysis Protocols (PRISMA-P) 14 was developed and registered in the International Prospective Register of Systematic Reviews (PROSPERO) (number, CRD42017059918). 15 The reporting in this study was based on the PRISMA checklist. 16 
| Eligibility criteria
Observational studies investigating the prevalence of OPMD in adults (>18 years) were included. OPMD must have been diagnosed clinically and confirmed by histopathological examination based on the WHO criteria for diagnosis. 
| Study selection and data collection
The selection was performed in 2 phases. In phase-1, 2 independent authors (F.W.M and A.F.P.M) screened the titles and abstracts of all identified references, blindly applied the eligibility criteria, and crosschecked the information. In phase-2, the same authors separately 
| Risk of bias in individual studies
The risk of bias (RoB) of the selected studies was assessed using the
Joanna Briggs Institute Critical Appraisal Checklist for Studies
Reporting Prevalence Data. 17 Two reviewers (F.W.M. and A.F.P.M.)
independently classified the RoB of each included study and cross-checked the information. The RoB in the studies was categorized by the authors as "high" if the percentage of "yes" scores reached up to 49% score "yes"; "moderate" if the percentage of "yes" scores was between 50% to 69%; and "low" if the percentage of "yes" scores was more than 70%.
| Summary measures
The prevalence of OPMD in adults was the main outcome and was expressed in percentage. The secondary outcomes were the prevalence by geographic location, demographic features, and presence and severity of epithelial dysplasia in the OPMD.
| Synthesis of results
A proportion meta-analysis was performed with the aid of MedCalc Statistical Software version 14.8.1 (MedCalc Software, Ostend, Belgium). Heterogeneity within studies was calculated using inconsis-
, a random-effects model was applied for value >50% (substantial heterogeneity among studies), and a fixed-effects model when I 2 was lower than 50%. 18 A random-effects model was used to generalize the findings beyond the included studies by assuming that the selected studies are from random samples of a larger population. 19 The significance level was set at 5%. The meta- 
| Additional analyses
Sensitivity analysis with regard to RoB subgroups (low, moderate, and high RoB) was conducted to verify whether the results of the meta-analysis were altered. Additional analyses were performed using Comprehensive MA software (version 3.0), and they included Egger's regression test for publication bias (P > .05) and the classic fail-safe number test.
| RESULTS
| Studies selection
The search strategy resulted in 5513 studies (excluding duplicated studies), and the additional literature search identified 582 studies.
After phase-1, 335 studies were included for full-text review. In phase-2, 313 studies were excluded (Appendix S2). In the final review, 22 studies 20-41 were included for qualitative and quantitative evaluation ( Figure 1 ). (Table S1 ). of the target population?" and "Were study participants recruited in an appropriate way?" was scored as "high-risk of bias" because the participants in the sample were not from a population screening samples and were not selected randomly. The question "Was the data analysis conducted with sufficient coverage of the identified sample?" was considered as "not applicable" in this study, most of studies collected the data from convenience samples in oral diagnostic centers' files; therefore, presenting the number of dropouts was not considered to be an important characteristic for these studies (Appendix S3).
| Study characteristics
| Risk of bias within studies
| Results of individual studies
Age was heterogeneously reported in the studies, and it ranged from 18 to 86 years; however, the most studies reported individuals above 50 years were most affected by OPMD. Only 4 studies 23, 25, 29, 36 presented data with regard to the ethnicity of the participants; OPMD most commonly affected fair-skinned individuals, 
| Synthesis of results
The pooled prevalence of OPMD in this study was 4.47% (95% CI = 2.43-7.08; Figure 2 ). However, the prevalence of the different 
| Additional analyses
With regard to sensitivity analyses, the prevalence of OPMD in studies with low RoB was 3.68% (95% CI = 0.22-11.06), whereas it was 4.01% (95% CI = 2.28-6.21) in studies with moderate RoB, and 5.56% (95% CI = 0.71-14.57) in studies with high RoB. Because the F I G U R E 1 Flow diagram of literature search and selection criteria*. Legend: *Adapted from PRISMA proportions were within the same 95% CI range, no significant differences were observed between RoB subgroups with respect to OPMD's prevalence. Additionally, the Egger's regression test was significant (P = .0049), suggesting that publication bias might be present, and the classic fail-safe number was 9078.
| DISCUSSION
This is the first meta-analysis reporting the prevalence of OPMD that included only studies in which the histopathological diagnosis of these conditions was confirmed. A previous review 13 estimated the prevalence of OL is 1.49%. It is well known that the most reliable data on disease's prevalence come from population-based studies;
however, population-base studies on the prevalence of OPMD are limited, especially those with confirmed histopathological diagnoses.
Based on the available data, the pooled prevalence of OPMD in this review was 4.47% (95% CI = 2.43-7.08). The most commonly studied OPMD was OL and OSMF was the OPMD with the highest prevalence. This result was expected due to the difference in their etiological factors and, consequently, their different risk potential.
In this review, the prevalence of OL was 4.11% (95% CI = 1.98-6.97), which is higher than the prevalence reported in previous systematic review published in 2003. 13 This difference may be because methodology used in the included studies. Studies conducted in diagnostic center-based populations are not ideal for investigating disease prevalence; and most of included studies had this characteristic. The inclusion of only studies with histopathological confirmation restricted the number of the eligible studies. However, these data are fundamental to exclude other similar mucosal conditions when it comes to OPMD. Therefore, data presented in this review should be interpreted cautiously, and it may differ from the reality in the general population.
With regard to the prevalence of OPMD by geographical location, Asia was affected the most by OPMD, followed by South America and Caribbean. This difference may be due to different risk habits in these populations; for example, use of betel quid products is more commonly reported in South Asia. 42 These habits may be associated with the high prevalence of OSMF and OL that was found in Asia in this meta-analysis. OSMF is frequently reported in restricted geographic locations where areca nut is consumed and It has been reported that tobacco consumption in the general population has been decreasing in high-income countries in the past decades. On the other hand, the tobacco epidemic is still in its early stages in middle-income and low-income countries; this means that the epidemic of tobacco is in stages I (beginning of the epidemic-<20% of the population) and II (increase of the epidemic-40%-80% of the population). Consequently, the consumption of tobacco in middle-and low-income countries is expected to continue to increase in the future. 45 Therefore, the present review has contributed by adding new information about the differences between populations, emphasizing the importance of considering variations in cultural habits in further interventions in distinct populations.
The prevalence of AC was reported in 4 studies 27, 29, 35, 36 in this review. The pooled prevalence of this disorder was 2.08% (95% CI = 0.94-3.67). AC is associated with solar radiation such as chronic UV light. 46 Chronic UV light exposure was reported in 1 36 of the 4 studies. 27, 29, 35, 36 The number of included studies presenting data on AC was low; because most of the studies were excluded because they did not involve histopathological confirmation. Because biopsy is not always recommended in the diagnosis of AC, the data on this OPMD in this review must be interpreted cautiously.
Males are considered to be more exposed to oral cancer's risk factors, such as smoking, drinking, and sunlight (for lip cancer); this is because males perform outdoor functions more frequently than do females. 3, 47 However, this social behavior is changing; females are engaging in risky activities more often. Therefore, the differences in the incidence of this malignancy between males and females are decreasing. 3 This profile is also similar for OPMD; most OPMD are more common in males, and this is confirmed by data in this review.
Furthermore, the difference in OPMD's gender distribution may be influenced by cultural habits and economic status of the country.
For example, the difference in tobacco consumption between males and females is lower in high-income countries than it is in middleand low-income nations. 45 Further multi-country research investigating the differences in OPMD prevalence and risk factors may contribute to the better understanding of epidemiological characteristic in these disorders.
Although epithelial dysplasia was the most commonly reported histopathological finding in this meta-analysis, differences in OPMD's histopathological diagnoses were noticed. Most patients with clinically diagnosed OL did not have epithelial dysplasia in the histopathological analysis. However, for patients with OE, the histopathological results showed that a higher percentage of these lesions had severe epithelial dysplasia or were carcinomas in situ.
OPMD's malignant transformation rates differ in the literature because they vary according to the lesion type and subtype (eg, HOL vs NHOL). 48, 49 In this review, the prevalence of OE was lower than OL, however, the prevalence of severe epithelial dysplasia and carcinoma in situ in the histopathological analysis of red lesions was higher than in the histopathological analysis of white lesions.
Although OE is considered to be a rarer entity, which was confirmed in this review, the malignant transformation rate of these lesions is one of the highest among the OPMD. Early detection of such lesions
should be a target of general dental practitioners during clinical examination. 50 In summary, this is the first systematic review and meta-analysis 
